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PRELIMINARY AMENDMENT 

Dear Sir: 

Prior to the initial Office Action, please amend the above-identified application as 
follows: 

In the Claims 

Please amend the following claims: 

In claim 1, line 5 delete "characterized in that" insert therefor -wherein--. 



In claim 2, line 4 delete "characterized in that" insert therefor -wherein-; 
line 4, after "includes" insert "at leasf ; and 
line 4, after "(2)" delete "and/". 



In claim 3, line 3 delete "characterized in that" insert therefor —wherein at least—; 
line 3, after "(5)" delete "and/"; and 
line 4, after "is" delete "/are". 



In claim 4, line 1 and 2 after "claim 1" delete 2 or 3"; and 

line 4, delete "characterized in that" insert therefor —wherein—. 

In claim 5, line 1 and 2 after "claim 1" delete "or 2"; and 

line 3, delete "characterized in that" insert therefor —wherein—. 

Li claim 6, line 1 and 2 after "claim 1" delete "or 2"; 

line 3, delete "characterized in that" insert therefor —wherein—. 

In claim 7, line 2 delete "characterized in that" insert therefor -wherein-. 

In claim 8, line 2 delete "characterized in that" insert therefor —wherein—. 

In claim 9, line 2 delete "characterized in that" insert therefor -wherein-. 

In claim 10, line 5 delete "characterized in thaf ' insert therefor —wherein—. 
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In claim 1 1, line 2 delete "characterized in that" insert therefor —wherein—. 

In claim 12, line 1 and 2 after "claim 10" delete "or 11"; and 

line 3, delete "characterized in that" insert therefor —wherein—. 

Please add the following new claims: 

—13. The infrared thermometer as claimed in claim 2, wherein at least the probe 
head (5) or the probe tip (2) is pivotal in at least one spatial plane.- 

—14. The infrared thermometer as claimed in claim 2, wherein the infrared 

thermometer includes a first switch (3) actuatable when a probe head (5) is 
installed, and that the calculation of a temperature indication value from the 
temperature measurement values is influenced by actuation of said first 
switch (3).— 

-15. The infrared thermometer as claimed in claim 3, wherein the infrared 

thermometer includes a first switch (3) actuatable when a probe head (5) is 
installed, and that the calculation of a temperature indication value from the 
temperature measurement values is influenced by actuation of said first 
switch (3).- 
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—16. The infrared thermometer as claimed in claim 2, wherein the infrared 
thermometer includes a second switch (4) actuatable when a protective 
cover (6) is installed over a probe tip (2), and that the calculation of a 
temperature indication value from the temperature measurement values is 
influenced by actuation of said second switch (4).- 

—17. The infrared thermometer as claimed in claim 2, wherein probe head (5) 
includes and an opening for infrared radiation. - 

-18. The infrared thermometer as claimed in claim 17, wherein the geometrical 
shape of the probe head (5) is selected so that the measurement site is 
shielded from infrared radiation emanating from the environment.— 

-19. The infrared thermometer as claimed in claim 17, wherein the surface (8) of 
the probe head (5) located at the end remote from the measurement site 
during a temperature reading is of a funnel-shaped configuration.- 

-20. The infrared thermometer as claimed in claim 17, wherein the opening of 
the probe head (5) is closed by a window (9) transparent to infrared 
radiation. - 
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—21. The method as claimed in claim 1 1, wherein at least one of the parameters 
(d3; d4) takes the non-linear influence of the body temperature on the skin 
temperature on the skin temperature into account.— 
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REMARKS 



The amendment is filed prior to the receipt of the first Office Action in order to 
place the claims in better U.S. format. 

A favorable consideration of the application as herein amended is respectfully 
solicited. 

Respectfully submitted. 
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New York, NY 10165 
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Infrared Thermometer for Performincr Temperature Measurements 
at Different Sites 

Infrared thermometers for determining body temperature 
have been in use for several years. Among the most widely 
known are infrared thermometers for measuring the temperature 
in a person's ear. Such an infrared thermometer is known 
from EP 0 388 463. It includes an infrared radiation sensor 
measuring the infrared radiation emitted by the measurement 
site, and an ambient temperature sensor measuring the tem- 
perature of the radiation sensor. The signals of both sen- 
sors are needed for determining the body temperature. Con- 
sidering that the ear is readily accessible while at the same 
time affording reliable protection from external impact, 
accurate body temperature readings can be generally provided 
with this arrangement. However, in view of the temperature 
gradient in the ear canal, the measured temperature depends 
on how the thermometer is manipulated. This presents a prob- 
lem particularly with small children where the probe of the 
thermometer does not fit into the ear canal because of the 
probe's relatively large diameter. Additional inaccuracies 
that may occur are attributable to the presence of cerumen in 
the ear canal or the use of contaminated protective covers. 

Also commercially available are infrared thermometers 
which are suited to temperature measurement in the axilla or 
on the skin surface. Where body temperatures are taken in 
the axilla or on the forehead or in the temple region, meas- 
urement inaccuracies due to external impact are a frequent 
occurrence. Clinical tests have revealed that the differ- 
ences to oral or rectal readings are greater here than the 
temperature measurement in the ear . 
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An infrared thermometer marketed under the designation 
^National DM-T2S" or ,,DM-T2A'' includes several detachable 
probe heads possessing differing outside diameters. The 
thermometer therefore has only a radiation inlet opening and 
a device for attaching the probe heads, making it necessary 
to select the appropriate probe head prior to a temperature 
measurement . 

It is an object of the present invention to provide an 
infrared radiation thermometer and a method permitting the 
body temperature to be determined from readings taken at 
different sites on a person's body. 

The present invention relates to an infrared thermometer 
which is suited to body temperature measurements at different 
sites - including, for example, a person's ear, mouth, fore- 
head, skin, temple, rectum or axilla. In contrast to contact 
thermometers for oral, rectal or axillary measurements, the 
infrared thermometer requires however that it be adapted to 
fit the particular measurement site. A measurement in the 
ear necessitates a probe head that is sized to fit the ear 
diameter. In addition, the use of protective covers is ad- 
vantageous in this case. 

For measurements on the skin surface, for example, on 
the forehead or on the temple, means are advantageously pro- 
vided in order to minimize errors introduced by reflection of 
infrared radiation on the skin surface. One possibility in- 
volves shielding of the measurement site and back-reflection 
of infrared radiation by means of a suitably shaped mirror. 
However, the mirror may be dispensed with if the measurement 
site is shielded by the probe head such that the radiation 
component reflected by the skin emanates from the probe head 
itself, rather than from the environment. By means of the 
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known probe head temperature it is then possible to correct 
the measured radiation temperature correspondingly. During a 
measurement on the forehead or temple it is wise to scan a 
major area, meaning that the thermometer is moved across the 
skin surface, and to use the maximum temperature value meas- 
ured during this manipulation for further calculation of the 
body temperature. A protective cover is not absolutely 
necessary for such measurements on the skin. 

A thermometer of the present invention includes in a 
manner known in the art an infrared radiation sensor and an 
ambient temperature sensor. In the method of the present in- 
vention the body temperature T indicated by the thermometer 
is calculated in dependence upon the measured ambient tem- 
perature Ta which has a strong influence particularly on the 
skin temperature, the temperature Tb determined by radiation 
measurement in a manner known in the art from the signals of 
the ambient temperature sensor and the radiation sensor, and 
parameters determined during the prior calibration of the 
thermometer. To be able to compare the temperature readings 
taken at different locations on the body properly, the provi- 
sion of an oral, rectal or core temperature equivalent by 
means of a corresponding calculation is appropriate. The 
body temperature T is calculated, for example, by applying 
the formula given below where dO, dl, d2 , d3 and d4 are the 
parameters identified. This formula enables, for example, 
also the radiation component reflected by the skin to be 
taken into account. The non-linear influence of the body 
temperature on the skin temperature or the temperature in the 
ear canal can be taken into account by the parameters d3 and 
d4 . This is advantageous because for a patient running a 
high temperature the then improved blood flow makes the 
surface temperature of the body less strongly dependent on 
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the ambient temperature than for a person running no tempera- 
ture : 

T = Tb + do + dl(Tb-Ta) + d2 (Tb-Ta) ^ + d3 (Tb-Ta) (d4-Tb) 

A first embodiment of an infrared thermometer of the 
present invention is illustrated schematically in FIG, 1. 
The Figure depicts a thermometer 1 having a probe tip 2 con- 
figured to perform a measurement in the ear and adapted to 
have affixed to it a probe head 5 suitably shaped for taking 
readings on a person's forehead. To do this, a first switch 
3 is actuated which causes the temperature calculation method 
and some parameters to be switched from the ear to the fore- 
head mode. Still further, the duration of measurement is 
increased from, for example, one second to five seconds 
giving the user sufficient time to move the thermometer 
across the forehead/ temple . Advantageously, the thermometer 
indicates the maximum temperature measured. 

Optionally, it is possible to attach to the probe tip 2 
of the infrared thermometer 1 a protective cover 6 for per- 
forming measurements in the ear, the probe head 5 for meas- 
urements on the forehead, or to attach first the protective 
cover 6 and install the probe head 5 over the cover. A 
second switch 4 detects the presence or absence of a protec- 
tive cover 6 . The measurement method and the parameters used 
for evaluation are suitably selected by the first and second 
switch. It is also possible to substitute a single two-stage 
switch for two switches. 

In a second embodiment of an infrared thermometer of the 
present invention, the thermometer is equipped with a radia- 
tion inlet opening and a fastening device in a manner known 
in the art. Suitable for attachment to the fastening device 
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are not only a probe tip for taking temperature readings in 
the ear canal but also a probe head 5 for taking temperature 
readings on comparatively large skin surfaces. 

In both embodiments the probe head 5 has an opening 
enabling infrared radiation to travel from the measurement 
site to the radiation inlet opening of the thermometer. To 
avoid contamination of the radiation inlet opening, the open- 
ing of the probe head 5 can be closed by a window 9 transpar- 
ent to infrared radiation. The surface 8 of the probe head 5 
for taking temperature readings on a person's forehead is 
preferably of a funnel-shaped configuration at the end remote 
from the measurement site to avoid corruption of the measure- 
ment result by infrared radiation emanating from the environ- 
ment, which is reflected from the skin into the thermometer. 

The thermometer herein described has the following par- 
ticularly advantageous properties: 

• The thermometer is suited to perform body tempera- 
ture measurements at different sites, for example, in the 
ear, on the forehead or on the temple. 

• The probe tips or probe heads are optimally adapted 
to the different measurement sites . 

• Exchanging the probe tip or probe head automati- 
cally involves switching of the parameters for the method for 
calculating the body temperature. 

To obtain accurate skin temperature readings it is im- 
portant to make sure, also during scanning across the skin, 
that no radiation can be reflected from the environment into 
the thermometer. In addition, the measurement spot sensed by 
the thermometer has to be as small as possible and be of a 
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constant size to achieve a good and uniform local temperature 
resolution. It is therefore necessary for the relative dis- 
tance of the thermometer to the skin and for the angle 
between skin and thermometer to be maintained constant during 
the measurement. Both requirements can be satisfied by a 
movable probe head which invariably engages the skin during 
the measurement. As the thermometer is moved, the probe head 
5 follows the contour of the skin surface, even when the 
angle between the thermometer 1 and the skin surface varies. 

FIG. 2 shows such a thermometer schematically. The 
probe head 5 is connected with the probe tip 2 of the infra- 
red thermometer 1 via a joint 7. The infrared sensor in the 
infrared thermometer senses a small measurement spot on the 
skin. The infrared radiation is passed through suitable 
optics (infrared fiber, metal tube, mirror, lenses) to the 
sensor. The hemispherical probe head 5 prevents the ingress 
of infrared radiation from the environment, maintaining at 
the same time a constant distance between sensor and skin. 
By detaching the movable probe head 5 (and substituting 
another probe head, if applicable) the skin thermometer can 
be converted into an ear thermometer. 

In an embodiment of an infrared thermometer of the 
present invention, not shown in the Figures, the probe tip 2 
is pivotally secured to the infrared thermometer. 
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Patent Claims: 

1. An infrared thermometer having an infrared sensor 
and a probe tip including a radiation inlet opening enabling 
infrared radiation to travel from a measurement site to the 
infrared sensor, 

characterized in that it includes additionally a probe head 
(5) mountable on the probe tip (2), 

2 . An infrared thermometer having an infrared sensor 
and a radiation inlet opening enabling infrared radiation to 
travel from a measurement site to the infrared sensor, 
characterized in that it includes a probe tip (2) and/or a 
probe head (5) demountably attachable to the thermometer (1) . 

3 . The infrared thermometer as claimed in claim 1 or 

2, 

characterized in that the probe head (5) and/ or the probe tip 
(2) is/are pivotal in at least one spatial plane. 

4, The infrared thermometer as claimed in claim 1, 2 

or 3 , 

characterized in that the infrared thermometer includes a 
first switch (3) actuatable when a probe head (5) is in- 
stalled, and that the calculation of a temperature indication 
value from the temperature measurement values is influenced 
by actuation of said first switch (3) . 

5- The infrared thermometer as claimed in claim 1 or 

2, 

characterized in that the infrared thermometer includes a 
second switch (4) actuatable when a protective cover (6) is 
installed over the probe tip (2), and that the calculation of 
a temperature indication value from the temperature 
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measurement values is influenced by actuation of said second 
switch (4) . 

6. The infrared thermometer as claimed in claim 1 or 

2, 

characterized in that the probe head (5) includes an opening 
for infrared radiation. 

7. The infrared thermometer as claimed in claim 6, 
characterized in that the geometrical shape of the probe head 
(5) is selected so that the measurement site is shielded from 
infrared radiation emanating from the environment. 

8 . The infrared thermometer as claimed in claim 7 , 
characterized in that the surface (8) of the probe head (5) 
located at the end remote from the measurement site during a 
temperature reading is of a funnel-shaped configuration. 

9. The infrared thermometer as claimed in claim 6, 
characterized in that the opening of the probe head (5) is 
closed by a window (9) transparent to infrared radiation. 

10. A method of determining a body temperature (T) from 
at least one parameter (dO; dl ; d2 ; d3 ; d4), a skin tempera- 
ture (Tb) determined by radiation measurement, and an ambient 
temperature (Ta) , 

characterized in that the body temperature is calculated 
applying the following formula: 

T = Tb + dO + dl(Tb-Ta) + d2 (Tb-Ta) ^ + d3 (Tb-Ta) (d4-Tb) 

11. The method as claimed in claim 10, 
characterized in that the radiation measurement is performed 
with an infrared thermometer, and that the parameters (dO; 
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dl ; d2 ; d3 ; d4 ) are determined during calibration of the in- 
frared thermometer . 

12. The method as claimed in claim 10 or 11, 
characterized in that at least one of the parameters (d3; d4) 
takes the non-linear influence of the body temperature on the 
skin temperature into account. 
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Abstract of the Disclosure 

The invention is directed to an infrared thermometer and 
a temperature calculation method suitable for determining the 
body temperature at different measurement sites, for example, 
on a person's forehead or in the ear. 

The thermometer includes a device for attaching a de- 
mountable probe head. Provision is made for different probe 
heads that are adapted to fit the different measurement 
sites . 



(FIG. 1) 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence or post office address, and citizenship, are as stated below next to my name 
and signature. 

I believe I am an original, first, and joint inventor of the subject matter which is claimed and 
for which a patent is sought on the invention INFRARED THERMOMETER FOR 
PERFORMING TEMPERATURE MEASUREMENTS AT DIFFERENT SITES, the 

specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim the benefit under Title 35, United States Code, § 119. § 120, § 121, and/or 
§ 365 of any United States application(s) and/or foreign/international applications listed 
below, and insofar as the subject matter or each of the claims of this application is not 
disclosed in the prior United States application(s) in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, §1. 56(a) which 
occurred between the filing date of the prior application and the national or PCT international 
filing date of this application: 
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199 29 503.4 


June 28, 1999 


pending 


Germany 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following 
attorneys to prosecute this application and transact all business in the U.S. Patent and 
Trademark Office connected therewith, Hopgood, Calimafde, Kalil & Judlowe, LLP, a firm 
comprising 

Roy C. Hopgood, Reg. No. 15,245; John M. Calimafde, Reg. No. 16,895; 
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Eugene J, Kalil, Reg. No. 16,686; Marvin N. Gordon, Reg. No. 23,094; 
Stephen B. Judlowe, Reg. No. 21,049; Francis J. Murphy, Reg. No. 24,537; 
Dennis J. Mondolino, Reg. No. 27,148; William G. Todd, Reg. No. 28,480; 
Ira B. Winkler, Reg. No. 29,223; James M. Bollinger, Reg. No. 32,555; 
Porter F. Fleming, Reg. No. 31,759; and Brian P. Murphy, Reg. No. 34,986; 
and associated therewith Bradley N. Ruben, Reg. No. 32,058. 



SEND CORRESPONDENCE TO: DIRECT TELEPHONE CALLS TO: 

Hopgood, Calimafde, Kalil & Judlowe 

60 East 42"' Street 

New York, New York 10165 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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